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Analysis of errors in prefrontal animals in delayed responge
test
Department of Neurophysiology, Nencki Insttute of
Expertmental Biology, Warsaw, (Poland)

I

The discovery made by Jacobsen (1936) establishing that delayed
responses (DRs) are Severely impaired after pmfront.al‘lobectomiea
in monkeys may be considered as a milestone in our research concerning
the functions of prefrontal areas, It ig true that much discussion
has developed around the @eotim of how Jacobsents firdings should
be explained; however the fact itself has been confiymed by all the
investigators studying the problem, As 18 well known, the discussion
had originally turned around the question of whether the impairment of
the DRs was caused by the deficit of ¥ecent memory, as Jacobsen claimed,
or by some other mechanismg, The explanation proposed by other authors
referred to animals* hyperactivity (liade 1947), or increased distracta-
bility (Malmo 1942, Wade 1947, Harlow et al. 1952), or else to the
impairment of associative function (Nissen et al. 1938, Finan 1942),
to quote only the most widespread concepts,

Several years 880 we undertook the study of the effects of
prefrontal ablations on DRs in dogs and cata. This was done in the
period after we had already established the disinhibitory syndrome

following prefrontal ablations in dogs (dealt with in estenso in
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Brutkowski®s paper), and the question arose whether the impairment of
- .. DRe could be also explained by disinhibition. This required the
reproduction of the DR test in the same animals in vhich the first
symptom was found, and {f thé impatrment of this test should be
" observed also in these animala, then it was hoped that an mlysls
of it would be mier.

In designing our experiments with DRs wa applied a method similar
to that originally introduced by Hunter (1913), namely: 1. we used
the triple choice method instead of the double choice method applied
in the atudles of the DR deficit after prefrontal lesions; ii. the
foodtrays were placgd far from each other, separated by an angle of
60 deame_g.; as ~iewed from the starting platform; and fii. as pre-
paratory signals, buzzers operating from the respective foodtrays
were used (fig. 1). The triple choice enabled an analysis of the

'---C-----‘Q----\Dc

Insert £ig. 1 about here
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character of the erroneous regponses to be made, since it allowed the
animal a double choice betwesn two foodtrays not signalled by the
preparatory stimulus. The large angles between the foodtrays permitted
us an observation of the postural reactions of the animal during the
delay period. The introduction of buzzers as preparatory signals
made the whole experimental procedure in many respects analogous to
that uged in conditioning experiments.

To give some more detaila concerning the experimental technique,

Fam pree
Wi ":‘_1 . o {\"'1,7 v

L

V'\,L“/

Declassified in Part - Sanitized Copy Approved for Release 2011/12/12 : CIA-RDP80T00246A018100120001-7




r Relea : 001-7
Declassified in Part - Sanitized Copy Approved for Release 2011/12/12 : CIA-RDP80T00246A018100120

Lo
-3
1t should be mentioned thae during the delay pertod the dog was on
the leuh, and the cat in the small Cage, on the starting platform,
while during the intertrial intervals it moved freely sround the
i in each session the same mumber of reinforced trials (usually
4 or 5) was given in Yespect to each foodtray; when the animal made
an erxor, it did not receive food in that trial even 1f it made a
“correction” by running immediately to the Propar foodtray; however,
in the next trial tha same foodtray was signalled, and the animal
vas released immediately after its presentation, 3o as to secure the
correct response.
Both dogs and catg mastered the rules of the "game® very quickly,
and usually after a few preliminary experimental sessions they were
fit for regular experimentation,
Our first mglts obtained on dogs with prefrontal lesions by
this method can be briefly sumsarized as follows (Lawicka and
Ronorski 1959):
thile normal dogs are amazingly skillful in the performance of
the DR test, befng able to withstand successfully many minutes of the
delay period, and the various distractions interposed during it, after
the ablation of the prefrontal poles rostrally to the presylvian sulcus
the animals become severely incapacitated in this respect. Thetr
correct vesponse becomes largely dependent on the preservation of their
bodily orientation assumed in the moment of the action of the pre-
paratory signal. This ortentation being changed, the animal §s in
most cases not able any more to £ind his way to the propexr foodtray.
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In consequence all the distractions producing a change of the bodily
orientation cause, as a rule, erroneous responses. Since the deficit
of the antmals was not due to the increased hyperactivity, our pre-
frontal animals being not hyperactive, nor to the $opat yment of
assoclative function, which was proved to be quite noymal, our first
assumption was that the original ides put forward by Jacobsen was
right, f.e. the deficit of the recent memoxy in prefrontal animals
was ryasponsible for the impairment of thetr performance in the DR
test. The only resexvetion we made was that not the recent memory in
general was impaired after the prefrontal lesions, but only the recent
memory of directional cues (Lawicka and Konorski 1959, Konorski 1961).

However, cur further experiments performed on cats with simf lay
technique cast some doubt on this latter interpretetion (Lawicka and
Konorski 1961). It hod been thought that after prefrontal ablations
the cats should be rather worse in their DR performance than the dogs
were, since they were not in the habit of pointing motionless in one
direction for long pertods of time. Uhat appeared in fact was something
quite the reverge. Fixst, it was found that the animals were able to
find their way to the proper foodtray after the delay period in spite
of the fact that they did not keap thefy bodily orfentation in its
direction, Nevertheless, their performance was much worse than that
before operation because they made many pexseverative errors. The
following types of these ersors could be distinguisheds 1, "last
¥esponse errors™ consisting in repeating the last successful response,
and: 11, “preference errors" consisting in the increased tendency to
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TUn to one or two particular foodtrays, Secondly, after committing an
8rxor, the animals vVery often attempted to correct themselves and .
to the proper foodtray, wheye they remained for a considersble ti "
waiting for the Presentation of food (wvhich, of course, was not o::ered
to them), Thixdly, in the course of experiments the animals 8radually

perseverative tendency.
The ’
8¢ findings have clearly tnvalidated the Jacobsenian
inte :
Tpretation of the DR deficit after prefrontal lestons at 1
as far as cats : o
axe concerned. However, it was hardly acceptadble that

The clearesat finding obtatned in the MR performance in
prefrontal ¢ : ‘ ’ -
’ 088 was the deleterious effect of distractions applied
uring the del
8y period. It had been found that vhile without distrac.

preserve the bodily orientation towards the proper foodtray, an

distraction producing » change of thig orientation mommtar: 1y :educcd

their performance to the chance levej, It was further proved that

this impatrment Vas permanent, st least in ouy exXperimental condi‘u

Therefore, it was thought that ﬁggxg_c (Very type of experiment on.
ohF o s ! : ’ vas
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suitable for our analysis.
1x

He present here a detailed analysis of a long series of
experiments with distractfons performed in one of our dogs. Before
operation this dog was carefully studied in many DR tests and his
performance, even in the most difficult tasks, was excellent. After
operation he gradually learnt to yeact properly after a 1 min. delay
but this was due to the fact that the animal had acquired a habit of
facing motionless the proper foodtray throughout the delay.

In the present series we applied a distraction which had been
freguem:ly used before since it appeared to be most convenient for
several reasons. The distraction procedure was as follows: 15 sec.
after the operation of the preparatory signal (the buzzer on the given
foodtray sounding for 3 sec.) the bowl with food was placed on the
platform, and small pieces of food were dropped by the experimenter
during 15 sec. The animal while eating food had to turn back to the
yoom loosing any previously assumed bodily orientation. After a
further 30 sec. the animal was released. If he went to the proper
foodtray, the trial was completed and a new distrsction trisl started
after 2 min, If his run was wrong, then after 2 min. a correction
trial was given in which the dog was released imwediately after the
sounding of the same buzzer. Of course in such a case the animsl
rescted always correctly. Only then after a 2 min. interval was
anothexr trial with distraction given.

It §s clear that such a distraction could be applied indefinitely
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since the animal did not become habituated to it and he must have
changed his bodily orientation for the period of eating.
In fig. 2 the whold period of experimentation in which the

- S W W W W W M od W N o e oW oW

Insexrt Fig. 2 about here

distractions were applied is represented. Each block of 4 sessions
with distractions (each session consisting of 15 reinforced trials)
was alternated with a similar block without distractfons. Ue can sae
that while the blocks without distractions becsme in this period of
experiments alwost correct, in the blocks with distractions the per-
fonmance 1s on the chance level, and does not fimprove in the course
of experiments.

If we analyse, however, the errors the snimsl committed in more
detail, we may see that his responses were far from being random. As

seen in Fig. 3, in vhich the erronecus responses to various foodtrays

.“‘.0&‘-“.“.--

Insert Fig. 3 about here

in each block are represented, the animal very quickly developed severe
perseveration consisting in approaching mainly the left foodtray. Thus,
whenever this foodtray hiad been signalled by the preparatory stimulus,
the animal’s response was correct, but when other foodtrays were ’
signalled, the response was wrong. This was the cause of 2/3 exronsous
responses and the apparent chance level of the animai’s performance.

It 18 further seen that at the beginning and at the end of the series,
the animal somstimes, instead of going to the wrong foodtray, simply
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It should be noticed that in two other dogs in which a series
of experiments with distractions was performed the vesults were quite
the same, except that in those dogs the preferential foodtray was that
on the right.

Such behaviour shows that the animals found a kind of psoudo-
solution of the task they were confronted with: the fact that §
times in each session the yrun to the left foodtray was reinforced
equalized the vhole experimental set-up to that of trregular reinforce-
ment, that i1s, & situation in which, as s well known, the response
becomes very resistant to extinction.

In view of the results obtained in our experiments with cats it
vas assumed that the task presented to the dog was not unsolvable for
him, but rather made more difficult, and therefore the animal reverted
to the simpler, although less effective, solution of running always
to the left foodtray. In consequence, if we could find a way to inhidit
this habit, then perhaps the proper solution of the problem could be
achieved,

One of the ways of inhibiting the ﬁabit of going always to the
left foodtray in trials with distractions would be simply to stop
applying the left praeparatory siznal. In this way the vun to the left
foodtray wuld never be reinforced and inehiz—mey would be subjected
to regular msnctigq.- “ This wethod was indeed used with success in one

P

of the series of ;xpeﬂmts performed on a prefrontal cat (Fig. &).
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llowever, $t uas thought that more profitable would be to pressrxve
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Insert Fig. 4 about here

the triple choice method, since it sacured the proper analysis of
errors committed by the animal. Taking this into account another
procedure was adopted which ran as follows:

After each successful responsa in trials with distraction, a
numbey of “sham trials” were given: the animsl being attached on the
platfoym veceived food in the bowl, exactly as in the trials with
distractions, and then /aﬂt:er 30 sec., he was released. In other vords
the sham trials differred from the true ones in that no preparatory
signal was given.

Here at once a clear difference between the prefrontal dog and
a noxmal one beceme manifest. Uthile a noxmal dog in the absence of a
preparatory stimulus efither remains where he is, ox, at the most,
approaches some foodtray only a few times, the prefrontal dog ren to
various foodtrays again and again in many successive sham trials (Fig. 5).
We adopted such a rule that the sham trials were repeated until the

". m e W W W W W e e & e .

Insert Fig. 5. about here

animal did not go to any foodtray on release, but remained on the
platform. Only then was the following true trial with distraction
given. But at the beginning of this training xunning to the foodtrays
in sham trials was 8o persistent that we had £o repeat them 15 times
in succession and then, although their extinction was not achieved,

Egﬂm oo C oA Anpnag
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& true txtal was given, In View of 30 many sham trials being required
after each true trial, in the firse sessions of this series only §

true trials were given, othervise g session would last too long,

"&-U‘O..‘--"‘.

Insert Fig, 6 about here
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¥esponses in each 15 trials, It is seen that gradually, although very
slowly, the reacttons of approaching the foodtrays in the sham trials
decreased and eventually dropped a’linﬁst to zero.

In ?13. 7 the distribution of the runs to various foodtrays in
sham trials ts shown. It is seen that the overvhelming majority of
. ¥uns fall on the left foodtray, and only in the last block its thig
preference no longer seen. It should, however, be noted that even in
the period of the strongest preference of mums to the left foodtray in
the sham trials following immedistely the true trials the animal ai;ply
repeated the same run which “as fust reinforced, i.e. he made for the
most part “last vesponse exrors”,
What was the effect of the above procedure on ihe animal?s
performance in true trialg with distractions?

-
-‘----...n-uu

Insert Fig. 8 about here
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As 18 seen in Fig. 8 the effect was immediate and very prominent
?ha 7 *
number of errors dropped significantly so that in some sessjons no
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errors were committed at sll. When we returned to the originsl method
of conducting experimants (without sham trisls) ) the improvement sppeared
to be lasting. It 1s worthwhile to note that now the few errors
committed by the animal were nearly slways last response errors and no
more preferential errors were nmade.

111

The experimental material presented in this papsr, supported by
analogous findings published elsevhere (Lawicka and Konorski 1962
a and b) and by our earlier data obtaln;d on cats (Lavicka and Konorski
1961) allows us to draw the following conclusions concerning the
character of the impairment of DR {n prefrontal animals.

First, we have seen that even in most severe cases of the DR
impairment, as produced in trials with c_!utraetmna. the correct response
is obtainable whenever the appropriste experimental procedure is
applied. This fact indicates that the receant memory of directions is
not abolished by the prefrontal lesions.

Secondly, we have many evidence to show that the majority of errors
committed by the animals in the DR test have a parseverative character,
and consisis either in the preference to approach a particular foodtray,
or in a tendency to repeat the responufduplnyed {n the'prec eding
trial.

Thé simplest hypothesis- which would seem to account for these
findings is that ablation of the prefrontal area, or rather some specific

part of 1t, produces an increase of perseverative tendency which bloeks

meses Nnpe o
. [
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the correct DR pexformance. This hypothesis was proposed by other
_ authors (cf Settlage et al. 1948, Mighkin et al. 1962) and was also
put forvard in our earlier papers (Lawicka and Konorski 1961, 1962
a and b). It seems however, that this hypothesis is untenable for
the following reasons,

First, in recent experiments by Lawicka and Mishkin (unpublished)
1t has been shown that in an experimental situation quite similar to
that described above the prefrontal dogs did not exhibit any persevers-
tive tendency in a test vhich did not involve the DR, The dogs were
trained to go to the left or right foodtray in response to two tones
sounding from a loudspeaker located in front of the animal. The task
appeared to be very difficult and the dogs mastered it after s consider-
able number of trials. Nevertheless, the prefrontal lesions diéd not
produce any deficit in this test, neither did the animals display any
perseverative teandency even $f the response to the same foodtray vas
reinforced several times in succession. On the other hand /th- sane
animals weyxe strongly impatred in DRs with distractions, and in this
very test they exhibited a strong perseverative tendency (£€ig. 9).

It should be added that in normsl animals the DRs with distractions

L I Y B R IR R A R 2

Insert Pig. 9 about here
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are much easier than the go-left, go-right differentiation to non-
directional soumd stimult, and the performance of the former test ia

much better than that of the latter one.
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These data show that the perseverative tendency itself is
not increased after prefrontal ablations, and that in our experimental
condition it is manifested only in DR tests.

By the way it should be noticed that the above findings disprove
the hypothesis put forward by Stanley and Jaynes (1949), according to
which the impairment of DRs in prefrontal animals is due to the lack
of inhibition of incongruent responses (*act disinhibition"), and
anothsr hypothesis claiming that prefrontal animals exhibit an increased
“positional habit® (cf. Mishkin, Procop and Rosvold 1962). Indeed,
neither “act disinhibition™ nor increase of the positional responses
is seen in the just described test in prefrontal animals.

Secondly, it should be emphasized that the pexseverative
tendancy sppears in norxmsl subjects in all those cases in vhich the cue
for the given response is not clear enocugh, as is the case in the first
stages of discrimination training , or in unsolvable situations through-
out the training (“hypothesis™ of Krechevsky 1932).

Thirdly, perseveration symptoms appear in abundance in human
pathology after damage in various parts of the brain, and take different
forms depending on the site of lesion. According to our observations
made in the Neurosurgical Clinics of the Polish Academy of Sciences
(unpublished experiments of Konorski et al.) diffevent forms of aphasta
produce perseverstion in different types of responses. And so, patients
suffering from the s0 called "amesic aphasia®, display a strong
perseveration in visuo-verbal responses, i.e¢. in naming objects or
pictures presented to them. On the other hand, patients suffering £yom

oy e o - n
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“sensory aphasia” producing the impairment of comprehension of speach
display not less strong perseveration especially in audio-gestural
Feésponses, cousisting in indicating objects after hearing thetir names,
or fulfilling oxders. The patients suffering from so called "conductive
(or central) sphasia” encountering great difficulties in rapetition of
the words heard manifest a tendency to perseveration especially in
audio-verbal responses.

And o we see that after the focal lesions of the byain
producing the fmpairment in the part_iéular syatems of reactions,
the perseverative errors may be chiefly or exclusively found in that
system vhich is impaired.

To sun up, we may conclude that we have haxdly any evidence to
believe that the "increased perseverative tendency™ represents a
primary symptom produced by the brain lesion which is responsible
for the given disorder either in learning of the given task or its
performance. Rather the opposite seems to be true, naoely that the
perseverative tendency appears as a secondary adjustment of the animal
to a partially or totally unsolvable task presented to him. This may
happen either vhen the givan system of discriminative respongses is
not yet developed (or ~ cannot be developed at all), or when it
is impaived by an appxopriate brain lesion,

If so, then we should look for explanation of the poor pexformance
of the DR test by prefrontal animals not in the increased perseveration,

but rather in the impaivment of some mechanisms intrinsically involved
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in the DR procedure. Two alternative hypothescs of such an impafrment
may be advanced,

1. According to the first hypothesis the essential factor
producing the deficit in DR perforumance of the prefrontal animals would
be the weakening of reflexogenic strength of the trace stimilus
determining the direction of the mmi'a regponse after relemse.

“his hypothesis may be directly inferred from our ebove discussion of

the origin of perseverative symptoms, in which we have stated that

thege symptoms are closely comnected with the impairment, or poor
development, of the given system of responses. - Since, as we bave

scen, perseveration in prefrontal animels affects only those discriminative
responses which are elicited by trace stimuli, the conclusion may

be drawn that precisely these stimili do not provide sufficient cues
determining the animal's response in the DR test, i.e. that their
reflexogenic value is diminished,

It would be important,tco, in this place to emphasize the essential
difference between the view proposed here and the old concept of
izmpairment, or abolition,of the recent memory after prefrontal lesions.
According to the latter concept the treces of the preparaetory signal
are more transient than in noruel anivals, i.e. the animal simply forgets
uore early where be should go vhen released, and therefore reacts on
the chance level or nearly so. According to our view the impatyment
of aninal's responses has nothing to do with forgetting, since, es
shown m our experments,the correct response may occur after the scame
delay period as in norwal animels. However, the trace of the preparatory

[j\, ’ f‘ : ' "tteg
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signal 18 now weaker as the CS than it vas before and cannot stand
the competition with other intervening stimulg.

Let us try, on the basis of this hypothesis, to explain the
DR disorders found in our studies,

Iv the DR procedure the instrumental responge (approaching the
sppropriate foodtray) is elicited by a component stimulus composed of
the trace of the Preparatory stimulus,and 2. the actual stimulus of
release. As well known from the Paviovian studies on compound
conditioned stimuli (Pavliov 1940), the stronger component of the
compound overshadows the weakar- component so that the CR to the latter
one (when it ig applied alone) s much reduced, or even non-existent,
Now, we assume thit in normal animals the trace CS left after the
preparatory signal i{s as strong as, or even stronger than, the release
stimulus, and therefore it cen determine the animgl's responses. And .
80, in normal trials the animal reacts  in most cases correctly and in
the sham trials (when only release stimulus is given) it does not react
at all,

/ _ ﬁuﬁwﬁhén.-bw!ng to the prefrontal lesions, the reflexogenic

l strength of the trace Stimulus is reduced, the actusl release stimulus
acquires the leading: role, while the trace stimulus is now overshadowed

/ by 1t. But since the release stimulus cannot by ttself determine the

direction of the response, the animal s _confronted with o partlally

unsolvable task and acts under<:he“cf//ie instrumental conditioning

strategy by repeating those reactions vhich were recently, or most

frequently, reinforced.
ﬂ“ IR rre e
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Our hypothesis allows also to understand why the snimal is able
to improve significally his performance when special measures, such A
as described above, are applied. To turn sgain to the Paviovian studies
on compound CS5i, we know that when the stronger componerit of the
compound is applied alone without reinforcement, while the whole
compound continues to be presented with reinforcement, then this
stronger component looses its dominant character and the leading role
is transferred to the weaker énmpomnt,; |

- . It is easy to see that this is exactly vhat was done by
introducing the shawm trials: the releasing stimulus was applied alone
without reinforcement so many times that it was completely extinguished,
and 16 consequence the daminant role of the trace of the preparatory
signal could be re-established.

The hypothesis under consideration seems to account for many
prefrontal symptoms in man,vhen the patient is not able to act under
the instruction. given beforehand,. although he_remembers it perfectly
and c;,m/eaa_i/ly repeat it (cf. Luria, this sympostum). It may be
admi eted ;hut the instruction ) given &fwehmd is nothing else as the
trace CS analogous to those dealt with in our DR expeﬂémts. Since
the reflexogenic value of thig stimulus is now reduced, ft is not wore
suffictent for eliciting the proper rasponse, especially when the
diverting actual stimuli are in operation.

On the other hand,the present hwothas!s cannot obviously

explain another major deficit of prefrontal animals concerning veversal
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learning (cf. Harlow and Dagnon 1943, Settlage et al. 1956), since
in this test we have to do exclusively with actual and not trace
stimuli: It may be guessed that either the process of reversal learning
is more complex than usually admitted, inwolving some sort of trace
stimuli, (such as general programme of reversing) or that it depends
on another mechanism mpremicd in other parts of the prefrontal arveas,

or else that the hypothesis now under discussion should be rejected,

2. An alternative bypothesis which may account for our data
refers not to the weskensd reflexogenic value of tyace CSi, as the
chief factor of the DR deficit in prefrontal subjects, but rather to
the increased reflexogenic value of actual stimuli.

There are many observations pointing out that the animals aftey
frontal lesfons display an exsggerated orienting reaction towards the
external stimuli. This property of the frontal animals was often
referred to as hyperreactivity (cf. Rosvold and Mishkin 1961) and was
considered to ba responsible for their increased “distractabilicy»,

In dogs and cats these increased Teactions were in fact observed by us
particularly when the source of the auditory stimulus was vemote fyom
the foodtrays. They were also obsexrved in CR experiments after
premotor-prefrontal ablations by Steplen et al. (1960). Generally
speaking we can gdmit that the frontal animala (as well as humans) are
more “stimulus bound” than normals. Perhaps one can explain this
symptos by supposing that specific parts of the frontal rvegion play a
role in suppressing these tmtiona in the course of habituation, and

- - : SR
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that their ablationg lead to "*dighabi tuation®,
Now, there s sgain some evidence showing that the orienting
| reaction towards a Stimulus plays a positive xole in the procesa of
- com?itionin,g. In fact, stimuly producing stronger orfenting reactions
_are easier conditiongble than thoge producing weaker reactions, and
the CRs established to them are more stable and resistant to extinction
(Paviov 1940). In Consequence one can admit that prefrontal animals
are not less, but rather more prone to develop conditioned Yesponses,
and these responses may become more styong and resistant to extinction
than in normal antimls,
This reasoning seems to explain satisfactorily our dats concexn-
ing the DR deficit 1n prefrontal animals. 1In Our experiments the pr §
| alvays preceded by the frmediate stimulus provided by the ulmi:;g S
procedure. 1If the animal, after being released, goes to the proper
foodtray and receives food there, the bond between the releasing
.se!mulua and the responge may become stronger in the prefrontal
animal than in the normal one, hence the increased tendency to repeat
this response in the same condition. This {g the source of mrm:r;un
errors observed so often in our prefrontal cats, After performing
such an "unwanted® conditioned Yesponse the anjimal is able to go ¢vo
the proper t‘oodfny, since the trace of the preparatory signal is
totally preserved.

t
hey eventually become extinguished and in consequence the animalvs
DR performmnce ig gradually improved.
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The handicap of cats in comparison with dogs in the DR test is
that they are ususlly not able to preserve thetr bodily orientation
tf the delay pertod amounts to one minute, or so. Therefore, theiy
performance in DRs without distractions is poorer than in doga.
However, when in experiments with dogs the distractions are introduced
interfering with their bodily orientstion, then theix performance, as
we have seen, is strongly deteriorated, but again this deterioration
is based on the same principle as before. Now, presantation of food
on the platform plus releasing stimulus become so strongly connected
with the given reinforced response that the animal performa again and
again this very response instead of the correct ones, the more so that
from time to time it is indeed reinforced. The strength of the bord
established between the distractive stimulus and the response in the

“prcfmntal animal is best proved by the exceedingly strong resistance
to extinction of this response in sham trisls, as compared with the
noxmal animals (cf. fig. 5). However, when after many sham trials
extinction is reached, we observe the irmediate improvement of the
animal’s DR performance showing again that his recent memory of the
preparatory signal is not impsired.

The hypothesis presented herse, in contradistinction to the
previous one, allows to account not only for the data described in
this paper but also for the large body of evidence showing that, while
the prefrontel animals are generally as good as the normal ones in
original discriminative learning, they are dramatically fmpaired in

any reversal of discrimination, as shown long ago by the Harlow group.
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The difficulty in veversal learning would be simply explained by the

abnormal strength of the conditioned connections established in the
original training.

Conclusgsions

The chief aim of the present paper was to discuss various
hiypotheses concerning the disorder of the DR performance in the
prefrontal animals as revealed in our experiments on dogs and cats.
It was shown that the concept of the deficit of recent wemory being
the essential factor of ihe DR impsirment mt be true, since accord-
ing to our experimentsl evidence this deficit does not exist. The
theory of “act disinhibition” also cannot be held since this sort of
inhibition is not iu:pa!md aven m much more difficult discrimination

tests. It also um that the impairment cannot be due to thet%%%aéen%g,e

of positional habits. It has been shown that increased perseverative/
manifested by prefrontal animals !n/gge test cannot be considered as
the cause of the defect, since it does not sppear in these animals in
other discrimination tests and does appear after nonfrontal lesions.
It vas suggasted that persavaration is a secondary symptom related to
the mmtmt.'or poor development, of a given aystem of rasponses.

Two alternative hypotheses satisfactori 1y explaining DR disorders
in prefrontsl antmals were discussed: one of them attributed these
disorders to the decresse of reflexogenic strength of trace CSt, while
the other one pointed cut to the increase of the reflexogenic strength
of the external stimuli as the chief factor digturbing the DR. The
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PREFRONTAR CORTEX AMD DRIVE INHIBITION
8. Brutkowskt

 Department of Neurophysiology, The Nencki Institute of
Experimental Biology, Polish Acedemy of Sci ences
Warsaw 22, Poland

The xmt evidence that frontal cortex represents a
higher leval of control of thc autonomic nervous system and
affective behavior was clearly ¢hown by Fulton and his
colladerators in their ﬁmdmtgl work on primates /1948,
1951/, Gentral representation of the viscera and enotionality
had, however, cencerned many earlier :lnvesugatox;l:. Mo st
of them regarded the moter and pre-motor corteces as regions
subserving beth somatic snd visceral mechmisme. As long
ago as in 1876 Bechefontaine showed that electrical
stimmlation of the sigrnioid area in the dog exerts an
inhidbitory influence on the .gastric motility =nd facilitates
the peristalsis of the lower part of the alimentary tract.

These findings therebaﬁ, Y were, extmded by Openciowski
Uil bt J

3 ,Zl_,i}_;, cbeos )
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studente who observed that the tonus and movements 97 the
sm8ll intestine angd colon were changed in response to

/ the stimulation of the vicinity of tha crucicte gnleus,
The-relation of thne "re=motor cortex to the alimantary
systenm was alwo confirmed in numerous stinalstion
8tudies carried out On monkeyvs, dogzs ang cats during
the last few decades /iatts and Fulton 12054, senngre
1944, Davey, kaada ang Fulton 1950, Babkin and :is CO=
workers 1950, 1951, ang others/. in addition, it hng
bean pointed out that the orhitoefrontal re:;ion is
involved in the activity of the Eotroeintesting) treet,
Thus Magoun, Hanson ang Tisher /19%3/ oroduceqd coowing
by electrical stizmulation of the "moct srterior repione
Just below the cortex of the anterior corr@site yyrus
/brbitai gyrus/" {n thre cat, whereag Jeilev .ngd Ureet
/1945, demongtrsted slowing or rrasting the rogtrie tone
from stimulationp of the lalherfs aree 17 citusted in the
OTVital surface of the monkey?e frontel cortex,

In addition t» tre £88troeintesting alterations
obt&ined by orbital surfaece atimulvtion, crunges in
respirstion, blood 'Tesgure ard thorms) regulation nave
been reporteq in animsls spa in @an both in the past
/Preobraschensky 1€50, Spercer 1894/, and rore recently
/Doigado 1948, Livingston 1948, Livingston, Chapman,
Limingston ang Kraintg 1948, Kanda 1651, Anand and ua
1956, Newmar arng Wolstencrofrt 1960, and others/, Lelgndo
and Livingston /1948/ nave found that wipe gulcus
principalis in the morkey and the aulcus presylvius in

the dog contain zones or cortex .., where bure excitation

¢

a8 well as zones nffﬁgrtgg vhere pure inhibitory
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responic s, treluding apnee, wuou.s e iniatbition obtained -5
1 by stimulstion of the hildide s cortex within the Bﬁlcul
| presylvius is complete and of lony durstion in contrast to
only partisl effect obtained by stimulation of the orbital’
ourface.”

Another frontal area which appears to be intimatedy
associated with visceral functions is the mesocortiocel
eingulate gyrus, particularly its rostral portion, includiag
the preecallosal /genual and sub=genual / sectors,
Experimentel studles in this respect were initiated by
Suith /1545/ who found tkat & complete relaxation of the
muscles and & variety of sutonomic manifestations
followed electrical stimulation of this erea in the monkey,
in adéition, vocalization was sroduceds Since all these
reactions agusiis occqitg:'conjuction with many emotional
exvressions, the suthor conciuded that the cingulage area*
was concerned wsith orgarizing affective behavior,

ihe cingulate gyrus in the Gog &nd in the cat has
alao been shown to have a strong autononie representation
/iremer 1947, Akert, dess and kcDonald 1651, Hess, Akert
and Mcdonald 1951, L8fving 1961/, babkin and Speakmean
/1251, demonstrated that stimulation of the sudbegenual
portisﬁ of the anterior cingulate gyrus in dogs produced
innibition of the strength of pyloric peristalsis, and a
sligbkt fall of the tomus.

d¥neriments serformed with ablation technigue have
snown l28s remarkable slterations of visceral functions
in *:ontal aulmels, Although thers ie consilierable evidenee

thst after lesions of the xotor Or pre-motor cortex

.
ru Ao
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intestliinl $rack and offier tuternal svstess wo vocur
/Mettler, Spindler, hettlcs snd Combs 1936, bulygin 1941,
Hesser, Langworthy and rold 1341, 3ykov 1457, Galperin
1961/, and definite chinges in salivation /Aleksandrov
1949, ®ravina 1956/, rumination cycle /bell and Lawn 1956/,
emicturatien /Langworthy and Liesser 1936/, Aiuresis
/Kemendantova 1539/, thermal regulation /Aleksandrov 19494,

and many other activities have been reported, ablation of

the prefrontal cortex in moust instsnces fails to produce
defects of this sort /tke only chronie chunge following
excision of orbito=frontal cortex wae demonstrated by

Delgado /1948/, and .elgsde and Livingstor /1548/, and

refers 1o an e¢levation of tine temperature of the extremition/,
This may indiente ihat korever portions of the nedial and

tasal prefrontal cortex are implicated in the functions

of ti: viascern, all btasle ametivities of tue intemal organs

ere ..ioarily eo-ordireted at other levels of the brain. Theree
fore the effeats of prefrontal lesions upen the viscera

are very transient or escape the zxperimental analysis,

~a0tional chanves resultine from frontal lobe
ablation ware for a long time evershadowed by the deficitse
in intellectunl capacities. Although one finds a few suggestive
desariptions of such changes in earlier reports, {t was
again Yulton®s group which has asccumulated a lerge body
of eviderce tLat frontal lobes pertain to feeding, fear ang
angry seLaviore. thus Fulton, Jacobsen and Kennard /1932/
have reposted that after exteansive frontal damage in the
wunkar "an increase in appetite occurs wnich sometimes

invoives ingestion of two to L.reo times the normal amount
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of food*, Watts and Fulton /1934/ ehowed that bilateral partial
or complete ablation of the frontal lobes caused morbid hunger
and, occasionally, intussunception. huch and Shenkin /1943/
found only a slight increase in food intake after removal
of area 13 in the monkey, whereas lengworthy and Richter
/1939/ showed that "dilateral lesions of frontal poles sade
cats ravenous for food*. This finding was also confirmed
on dogs with prefrontal lobectomies /Afanasev 1913, Shustin
1958, Brutkowski 1959a/, or preemotor ablstions /Byxev 1951/,
Anand. ﬁua and Chhina /1958/ reported that frontal lede
lesions including or restricted to the posterior ordital
cortex in monkeys and cats produced a decrease in feod intake,
while those which spared the posterior orbital cortex were
followed by an increased food intake.

Increase drive for food has alse been noticed in san

after surgical removal of the anterior and medial portions
of the frontal lobdes, extirpation of frontal tumors or frontal
lobetomy. Lulimia in cerebral tumors and injuries was foumd
& long time agn, bdut only neurophthological studies during

| the past 30 years have demonstrated that in a considerable
nuaber of cases excessive hunger may be associated with
frontal lobe syndxoﬁc /Kirschbaum 1951/, Hany authors point 4
out that changes in sating behavior in man are particularly
8triking when the lower medial or orbital qugdrants are
severed /Hofstatter, Smolik and Buseh 1945/, Kirschbaun /198%1/
suggests that the extensive hunger'}n frontal patients “may
be attributed to the loss of cortical control over autonomie
diencephilic syetem®,

i1sease or damage to the frontal 1ohar $n mem maw =1
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/1959/ showed that *"bilateral lesions of frontal poles =made

cats ravenous for food*. This finding was also confirmed
on doge with prefrontal lobectcmies /Afanasev 1913, Shustin
1958, Brutkowski 1959a/, or preemotor ablations /Bykov 1957/,
Anand, Duu'and Chhina /1958/ reported that frontal lobe
lesions including or restricted to the posterior orbdital
cortex in monkeys and cats produced a decrease in food intake,
" while those which spared the posterior orbital cortex were
| followed by an increased food intake. |
Inorease drive for food has also been noticed in man
after surgical removal of the anterior and medial portions
of the frontal lebdes, extirpation of frontal tumors or frontal
lobotomy, sulimia in ceredral tumors and injuries was found
a long time agn, but only neurophthological studies during
the past 30 years huve demonstrated that in a considerabdle
nuaber of cases excessive hunger ma)y be associated with
frontal lobe syndrome /Eirschbaum 1351/. Many authors point .
out that changes in eating behavior in man are particularly
striking when the lower medial or orbital qudgdrants are
severed /hofstatter, Umolik and Busch 1945/. Kirschbaum /1951/
sugsests that the extensive hunger‘iu frontal patients *may
be attributed to the loss of cortical control over sutonomic
diencepnﬁlic system®,
Ulesense or damage to the frontal lobes in man may also
release other forms of emotions which are rormally suppressed,

One of the {requent symptoms described in human frontal patients

.

is & sexual disinhidition /Jarvie 1954,H&fner 1957, Lauber
90e cidikiewicz 195U/,

™
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Observations on frontal enimals heve been rether scanty in
this respect since sexuzl changes may have passed unnoticed
owing to a fallure of relevant evaluative experimental
precedu res. '
Changes in bdehavior associated with anxi -ty states
or fear end sggressiveness following frontal lobe dmi
have however been reported in msny instances both in mam
ond animsls. Within the pest twenty five years inmumersdle
publications have shown that interrupting the projections
eriaing from the frontal cortex favorably affeets depressive
‘ end obsearional states. On the other hemd, in agxressive
.~ cases gratifying results hisve been obtained after sectiom
“that involved the anterior cingulste region. Diminution
; of preoperstive irritablility, agzressiveness and sgitation
4.+"" . followins tris operetion in humans strikingly resembdles
‘ behrvioral changes occasionally described in cingul ectonised
cats and monkeys /Ward 1948, Glees, nrxryrXn Cole, Whitty
1 &nd Ceiwns $98%€%x 1950, Kennard 1955/. These findings are;
E however, at variamce with ancther group of odbsarvations
which indicates that cingulectomised snimals develop more
'\.‘f’ ‘agrressiveness snd angry behavior immediately after operatioa
' /Kennerd 1955/56, Mirsky, Rosvold and Pribram 1957, Pecht e, McAvoy,
"+ Levitt, Kling and Masserman 1958/. Brutkowelki, Fonberg
€ ; . and Hempel /1961/ have recently reported that violerm
. rege and anger are released in dogs following lesions of
' the genusl and sﬁbugenual gyri on the medial surface of the
frontal lobes. Similsr results were reportad esrlier dy
Fulton and Ingrshem /1929/ who described a marked reaction

0. rave in rreviously friendly end playful cats follewins
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Chdwges in behavior associsted with anx 'ty states '
or fear end aggressiveness following frontal lobe damege
bave however been renorted in many inslances both in mam
end enimels. Within the pest tveaty five yrars inmumeradle
publications have ghown that interrupting th- rrojections .
L arising from the frontal cortex favorably af*ects depressive
J end obsessional states. On the oth er hamd, in egzressive
- cases8 gratifylng results lisve baen obtained after seotion
o ‘that involved tre amterior cinimlrte region. Niminution
‘ ' of preoperstive irritability, agrres.iveness and agitation
-;m“’ . following tidis operstion in lhumans strlkxingly resembdles
. behsviorel cirn. -es oconal cnally described in cingulectomized
e cats nd nonkers /inrd 1046, Glees, ditkyx€xm Cole, Whitty
anG Calmms 930k 1950, Kennawd 1955/+ These findings are,

«‘(ja ’ ) however, <t veriance with anoth-r ;roup of observations
“,&;\ ¥hitt o dndiestos that cinmulontomized smivan] a develop more
]! ,._< " | ag,.rcaviteness ond ancry behavior iwmedi-taly =fter operation
Lt o ’ " /Kennerd 1995/56, #iraky, RXosvold snd Pri bram 1957, Pecht e}, McAvo
}“‘V Y Levitt, Kling and Masserman 1958/. Brutkowaki, Fonberg.
| ;Jz cd dasnel /1861/ hove recently reported thet viclert
\,L/\ : . Tege ond snger are released in dogs follewing leeions of
e the genusl end subegenual gyri on the medisl swrface of the
i .‘:1‘ -, frontal lobes. Yimilar results were reported esrlier by

Tulton andg ‘Ingmlmm /1928/ vwho descrided a marked reaction
3 ! of rage in previously friendly ana Playful cats follewing

! biletoes . -
cnl lecions of the pre=chisangl aream, wharcas Kornard

SRy 3o ot oy R
/‘Uu/ denonstriied r-are reapontes after rensvsl of the
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ablation of the orbital cortex. These findinga have recently ‘YJZ
been confirmed by Anleytner and 3Srutkowski /1560/ on pre-
frental dogs, and earlier by Bond, Bidder ané iiowland /1657/
on cats, as well amk as by Aleksandrov /1649/ and 3ykovw
71957/ on dogs with damage to the premotor cortex,
In many respects the resulting changes in enotionality
reseable those of the decorticated preparatien /Cannon
and Britton 1925, Bard 1934/. [his has given grouné for the
lﬁppooiiicn that frontal regione may mnedinte an wffwmi
inkiditory effect on the hypothalamus and the phylogenetically
014 cortex within the limbic systen /laclean®s "visceral brain,
1949/. Recent peurephysiological and experimental anatomical
studies provide a good deal of evidence to suppert this viaw,
Thus the work by #ard and McCulloch /1947/y Le urog Clark
/1948/, ¥all and uavis /1948/, ¥eyer, MeLerdy and beek 71947/,
1e Oros Qlarkx and Ueyer /1950/, Wall, ulees eng Fulten /1951/,
Auer /1956/, and Nauta /1950/ has demonstrated powerful
reciprecal fider connections between the medis] orbitoefrontal
- and preemetor cortex via the medial forebrain bundle er a relay
4a the nuwcleus dorsalis thalami /pars medialis/ with the
de rsemedial, ventremedial, paraventricular, anterior, and
1ateral hypethalamic regions. On tae other hand, it has
been shown that the restral limbic cortex is linked with the
ontire vontreemedial frontal cortex wiich might be classified
&8 & pertion of the extralimdie systen /ﬁrﬁbrun and MacLeam
1933/5 whereas studies by idey /1952/, Adey med Meyer /1953,
and nore recently, bdy White, Nelson and ‘oltz /19450/
suggest a cennection between the medial frontal cortex
and the hippeocampal formation through the civcalum faseinningg,

The prescnce of a dafig;ta gﬁa+‘wﬁ¢¢3 A$50Q4aLMr\ o
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h‘*,'}‘.‘-otl’l&d'u?}u melel in o7 conaidovable Lmoit - ace. It
would provids an anstem.cal basis Tor +h ¢ Uohrvingal
finuing relating "oth “romtal 1ohes nad hyrotligl ro o

centers to the control of feeding 828 Tenyr neherinr,

In recant years o gxoup of workews from the
Department of Neurophysiology of the Nemokd Inctitute
of Experimental :lology in arsew has undertsken cn
investigationg on cous vith demaze to the nrefrontrl

cortex . Initially, n “ileternl sarutation of fromtel

———t -

According to Rrelner /1901/ the temm nrefont: 1 rfortox
will be used here ror the arens Aellmited he tY | cqtapiop
rhinal fissure, the b:ottom of the presylvisn “inmsuve, its
prolong-ation over the dorgsal ridge of the hilsphere, and,
on the medial aspect of the hemisphere, by the renual fissure
and its prolongetion ventrally from the sema of the corpus
cellosun,

Although, anatonically, the role of the prefrontal
o®rxtex in subprimates is depreci sted, experimental evidence
suggests that, in the cat am dor, the electrically ine
‘exciteble cortex situated anterior to the pre-motor areas
contribtut es to many iorms of behavior attributed to the
rrefrontal cortex in 4 -vey roica, Therefore, funetienally,
the term "nrefronte: “nrtex® seenqa to ?-e Justifi 3 to ne
used in certain lower mxy namal snecies, includi nie cat

Cloa-

and GQ‘FO , " ,’/“ "/\ TN pamag
, T
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R e . PSR .

Declassified in Part - Sanitized Copy ApproVed for Release 2011/12/12 : CIA-RDP80T00246A018100120001-7



NN f‘\rp r'/‘pr.'] rps
) . -t nin
1 o

ALY
; L. 1:4.‘_":.. 7

poles nnterior to the presylvier milous /Tir$, 1fAnd HA) .
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was perforaed, cnd it wes found itat t.1e .osiom produced

a morked, thourh tennorcyy, in,Lreont of Lhe preoperatively
trained inhidbitory vonditicaud seilencs /Chs/ in a dtustionm
in vhich poaitive resrn wes wore reimbrced either pasitively
/by the presentation o. {ood ox water/, or negotively /by
the anrlication of eloctric rhanck to *he enimal?’s leg,

ox introduction o” & :}_.ﬂ soivtien into the mimel?s mouth/,
It 10 ves Cevonstrated +ont che costoperative deficit !
in inhivitowv tot els, wilch 5 tecn designnted by the

term "dindn I 9tinp® ax ot te Favlov, was, v th certain
excantions, of siacst tee sens order toth in the tywwe 1
/clasgicsl/ Lrpe ID Jinstiunont 2l/ conditioning

/Konoratl, “ta-iov, cvatkos ©i, btewicka nnd Stgpief 1952,
Brutkewsti, don-raki, fadcela, Stonied snd Stenied 1956,
bruvzowsicd 1957, i1499a,b,e, sacdcks 1957, Auleytner mmad
piatkowsii 1950, iittorgid, fonher; end dempel 1960,

reraickd 1061/,

AL tactine vor ronfueted on mal e o rel doms in

e Paviecien frime mountad cithin o found=proo? conditionede
refl ex alrimber. ¥reomerativaly, the mminnls received

@xtensive training in differentiation, conditioned

inhibition, arn” elternntion tesks, using conditioned
amstir)i /CSi/ of different modsolities [acoustic,

visuel ~» tractile/ in succescive ordor, / rositive

or exoitatory 00 was nyregented sevaral *imoee Mrinr the

tootin suamdrn, Yl oramss a nesative oo Ianibitory 04

Declassified in Part - Sanitized Copy Approved for Release 2011/12/12 : CIA-RDP80T00246A018100120001-7



Declassified in Part - Sanitized Copy Approved for Release 2011/12/12 : CIA-RDP80T00246A018100120001-7

AP SO . A W Ben - ms v e e G WS N e v 1 Y

/
YNl Uk,

was performed, end it was found that this lealon .prodncod

& marked, though temporary, imp:irment of the preoperatively
trained inhiditory conditioned reflexecs /CRe/ in a ol tuatiem
in which positive responses were reinforced ol ther positivlly
/by the presentation of food or water/, or negatively /wy

the application of eloctric shock to the animnl’s leg,

or introduction of amcld solution into the minal’s noath/

-
R

It also wss demonstrated that the postoperative defioit
in inhivitory trials, which Iv s been designated by the \
term "dis inhihition® eotowiing to Pavlov, wag, with certain *
except ions, of almcst the seme ordey both in the type 1
/eles-ical/ md type 11 /instrument al/ conditioning
/Konorsxi, Stepied, Brutkowsiki, Lawicka and Stepied 1952,
Brutkowski, Konnraki, Iswicka, 3Stepief snd Stepiex 1956,
Brutkowsaki 1957, 19598,%,c, Lawicka 1957, Anleytner emd
Brutkowski 1950, Brutkowskl, Fonherg and Wempel 1960,
dernick{ 14961/,

All testing was conducted on msle mongrel degs 1in
& Fevlevion freme mounted within e fouvndeproof conditioned-
refl ex clembewr, Preoperativaly, the snimals received
éxtensive training in differemtiation, emditioned
inhibition, and altermstion tasks, ueing conditioned
@mstimli /CS1/ of different modalities /acoustio,
visual and tactile/ in successive order. A positive
or excitatory CS was presented seversl timer during the
testing session, vheress a nesative or inhibitory CS
wol uned once or twice per day. The conditioned inhibition
tent r}c'ftcribed in this paper var ¢ combin.tion of two

CUC. iy ely nresent ed st l_di, vize the conditicned

ﬁ@r e RN L P
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Cl-0S compound was not reinforced, whereas the CO itosels,
if 4t was used separately, was followed by reinforcement )
end it then produced a positive response. In the initial
tr_unlnc,tho minals responded positively to the 08 within

' 01-C8 compeund as well. However due 0 the lack of reime
foroement the latter response was inhibited after s fow
experinental sessions. It i/s worth mert ioning thet the €2

never produced a response . Orizinally, both stisull

The total or partisl fatilure of responding t0 CI from
the very beginning of testing becomes understandadle im view
of the concept of primery inhibitors developed by Konorski
and Szwejkowska /1952/.

were used in immediste succession. Thereafter, an interval
of one second was inserted between the cowonentﬁ of the
CI=-CS compound, and it was pmwgressively extended wp te
several seconds;

In the alternstion task a C8, which was presented ia
& successive order‘with c¥y | min., intertrial intervals, weas
alternately reinforced and not reimforced, that 1-,:{ was
aszociated with the unconditioned stimmlus /0% &a the first,
third, fifth etc. trials, dut it was net B llewed by
reinforcement in the even trials <

xx/ -
Lewicia /unpudl,/ hae recently shown thet the alternatiom

tesk may be regarded as a particular fom of conditioned
inhibition procedure.

Training of instrumentel /type 11/ CRs was made according
to Konorski amd #¥iller®s procedure /1936/. The positive CR
consistod of the animal rlacing its fom\(b‘;“its hind leg upon

tn elevited board situated in Tront or in hack af tho emdmad
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Declassified in Part - Sanitized Copy Approved for Release 2011/12/12 : CIA-RDP80T00246A018100120001-7
‘ e 11
respeciively; in another study, one animal grocup was
trained to bark in respbnse to the presentation of CS.
Correoct poeitive perfor memoe was cltrer immedistely

“i reinforced, or, if selivary CRs were registered in
addition, after & delay of 5 to 10 secss Correct inhiditoxy
reszonse consisted of refreining fron placing the leg on
the board or barking within 5 or 10 secs. permitted far
response. Hach inhibitory trial, no natter whether the G‘
was elicited or not, was not followed by reinforcemant,
All trials wer@ separated by ce. 1 min. intervals.

The classienl testing procedures consisted of either
defensive conditionin- reinfarced by electric shock, or
s;livary reflexes trained in situations in which food
or acif vere used as USi. Salivation was obtained through
a fimtuia of the¢ parotid gland prenared prior to testing
acenrdinz 1o Jottysik emd Zbrosyna /1957/, and registered
by #0zak’s techniaue /1950/« The positive CS was expaos ed
for 20 ccin, After the presentation of reinforcement
/fo0d or introduction of ecid fnto the eninal’s south/
tie U5 reneined on for additi onal 3 secs,, partially
overlap.ing the US, The unconditiondd salivation
was recorded es well, smd the intertrial intervals
»ere from 5 to 7 minutes, The differential (Y, and the
U5 used in the CleCS compound were exrosed for 20 secs,,

wherens the CI was presented for 10 secs,

200 Anv“f\'-'r'l" TN
ey oo gn BT Annn W
I}

b ik
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L
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In the claseical motoredefensive conditioring the
animal responded by flexing its ley whenever the positive
CS was presented, and xmEe¥mx received electric siiock, In the
inhibitory triels no shock was applied to tha animal’s leg,
and the motor response became extinguished.

In certain experiments respiration was graphically
recorded in additisn to the salivary or motor effects, ¥urthere
more, in acid situation licking movements to the presentation
of the U351 wmere counted, All aninals were carefully observed
while being teated, and chenges of more goneral aspects of

behavior patterns determined by food or fear were anlso noted,

A mentioned above, following 8 bilateral prefrontal
lobectony Tl i&gi De14/ the aninals displayed a tomporary
disinhidition of CRa which had been trained prior to eperation,
In other woxrda, Iin the initigl postonerative period an
impairment on most of the inhiditory trials occurwed which
wae canifested by salivation andg positive motor performance
in response 4o the presentation of the differential G5 or
the (S within the (leCS compound, If portions of the pree
motor eartex, including the precruciste ang sigmoid areas,
were invoived in the lesion /Fige 'A. Le2/y the impairment was
even 2ere conspicuous, In all instances, the postonerative
deficit fn conditioned inhibition was creater than that
in difre:smiintion rerfomance, In some o* the nrefrontal

anizole, toa differential trisls weie imvad red only once

N : AR
gt i i DA,
UlLnt p

N .
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or twice S LOUESAL L e o Y Whe Dlacr 0BT G Iratoatory
trials {n the alternation task were rlways severely affected,
Yoreover, in some animals the impairment on thisYwse
Jermonent /Filom, 24 3, 4 and /. The rate and the amplitude

badad o d AL L L L T T X YRR Y X Yy SpeippRgpg

Fipjﬂo “p 3' 4 ang 5

bl L L L DL L LN PR YL T Y S T yreey

of the respiratory ruyths also increass@ remiarkably /Figs.
7 and 8/, and the licking movements during the presentation
of inhibitory 701 in the acid saimal roup were produced

at a mcre rapid rate than before operation /Tadle 1/,

hadad b X R LR R T Ry

fahle I

it fust Lo esnhesized, buwever, that tne posteperative
disinbibitior. of {nhibitory L.s was in most instunces not
completey thnt im, aven in the early Joatu.arati#e period
the salivary or motor effects in the inhivitory trisls often
differed in durution and intensity from those in the palitivo
trials, anl only occasionally did the responses to the
preventation of inhibitory Cii attain or exceed the positive
level of performance. The resporse to the Ci within the Cle«(S§
comyound remained unchengead postoperatively,

In cur paper conecerning effecta of prafrontal lodectomy
on the CU.s it was said that positive salivary responses
were slisitly diminished following ablation /urutlhowski
15598, t/s This 18 true only for the immediste postiperative
periocdy Lowaver, and may be considered a traumut ic depfesaion,
since in the cwse of resumution of testing from 7 tu W
days aftcr lotectury the positive 821ivary “us were une

chinmFed or even incressed /iig. /e

N - - e

(o ST Tt .,
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‘lhﬂf also showed an (ncrease 1o dae luter posteperative

perlod.

On the othsr hand, immediately after lobestomy the
instrumental Ci. often failed to oceur. Instead, a variety
of primordial food activities was elioited; the aninals
incessantly sniffed and searched for feod withim the intes-
trial intervals and during the preseantation of cas, thtf
vioclently grabbed the food, and persisted to lick out the
eup after the end of food intake, ;:!m thus the
presentation of the next triel, However, within a few peste
operative days the basie food xmfmk reflexes subsided, and
the instrumental resyonse then recovered. Ihis ploture was
not observed in all froatal lebectomised dogs. In some of
them the instrumental food CR was preseat froa the firet
postoperative days though licking and searching bebavior
ecourred in addition, However, apart from the fagt whether
or not the instrumentel CR was texporarily suppressed after
lobectomy, 1 it wag present in response to the es, 1t nul
to oecur in the intertrial 1ntorvaln as nll. Sines this
excess in responding was accompsnied dy an inerease ia
salivation and ether autonomic respensss AN it aight
not be releted to hyparsctivity, wut it rather mggests
tnat, in addition to the impaizment en inhiditory perfermamee,
the prefrontal lesion preduces an enhmcenent of pesitive
behaviorzl patteras determined by foed drive. More reeent
observations extended this view upon fear-like behavierx,
Thus, it has been dememstrated that most of the motor effects
evoked in fear cireumstances were anplified and associated
with increased respiratory xhythn. dany responses were elicited

a/
after mshortened latoney. and oecasionally they persisted

RN »nnl \v
N
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after the end of the trisl. Thee qu—t*m\qb’. e dent}-
in the snimal group trained in classicaledefensive fillm

CRs /Figs. 7, 8 and 9/, rollowing prefrontsl lesjon these

Y P TY Y Y Y PR Y R R L R X L g

Figase Ty 8 &nd 9

T
animals becase strikingly fesrful during testing., Ihey tried
10 escape or bite when approachel, and showed many other
derensive-offe(wsive reactione, «hey 6lso became more
seneitive to elcciric sho~¥ or acili reinforcement, and the
volune ¥®YR =& well a5 the rate 31 unccnditioned malivation

in the amcid animai group warn  Fewarkuhly magnified /Fige. 10/,

EREEE R N RV B R A L g

"ire 10

, Tae failure of postoperative incrsure in some conditioned

and uncontit oroad raactions in & small numbder of anirals

may Lo supposcd Lo be cuw 10 A maﬁi%?l level reached by

these res>tiovs alyaady orior to lotectomy, and does not

spesk 2:in:n3t the yenersl f{inding indicating that the poste

onerziive inaresse in positive reactivity determined by’affeetivo

hehuvior is aPparent. Also the instrumerntal food areflexia,

which occurs &t the early postoperntive stages, need not
nreviously

suggest £ reduction of yrwmywxaiiwmly acquired feeding natterns,

the sore so, Bince 1t is replaced by a variety of visceroe

somatic und emationsl activities directly relnted to food

situstion, It is olesr that in the eariy poetoPe'attve reriod

the ineregsed d-ive for food interferes with performance

of tns inctrumental resnonsey later, nowever, as tn~ postoperative

increase i» ithe 3drive Ior food becomze reduced, it if soscidle

for 1h§§bqe%fumeq‘wl resconge to he eiicited,
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te escape or bite whea approachei, and showed wany other
defensive~offefnsive reactione. They also became more
sensitive to electric shock or acid reinforcement, and the
volume XxwN as well as the rate of unconditioned salivatiom
in the acid animal £Toup were remarkably magnified /Fig. 10/,

'--...u--.-h-.-.. +

Figo 10

The failure of postoperstive increase in some conditioned
end unconditionod reactions in a small number of animals
may be Bupposad to e due to a maxififh level reached by
these resctions already prior to lobsctomy, snd does not
Bpoak ggainst the general finding indicating thet the poste
Operative increase in positive reactivity determined by affcctlvb.
behavior i3 a.parent. Also the instrumental food areflexia,
which occurs ¢t the early postoperative atages, need not

Previously

suggent a reduction of FXEnyexratixeky acquired feeding patterns,
the more 8o, since it ig replaced by a variety of visceree
somatic and emotional activities directly related to food -
8ituation. It is clear that in the early postoperative peried
the ineressed drive for food interferes with performance
of the inetrumental responsey later, however, as the postoperative
inerease in the drive for food becomes reduced, it is poseidle

for tha Jcstrumentnl response 1o be elicited,

OEilariye an tmnairwont on the avoidance nabit descrided in
ducs not racessarily reflect a diminution of
fnsiaty o L ortuns ana :rutkowsk&~d§p0, ~aner Wol, solf 1962,
Witema e Lt 0 0 ga4 Arutbowaki 100, Soitysix

TroRtal ool

e
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and cdeldinswr 962 b i :uéfl!iﬁfﬁgen pestii ted by

@ few investigators /Lichtenstein 1050, .tret and Smith 1955,
Pridbram and weiskrantsz 1957, watechouse 1357/, Our findiags
indicate that prefrontal lesion produces a sentisisation te
reinforcement., Since noxious stimulation is absent when
avoidance procedure is used, it is not surprising that poste
operative changes described in classical defensive behavier
do not occur under avoidamee conditions,. xxtzyxhanevaxy

It 1s also 1iXxsly that the pesgs temporary impairment on

the food instrumental or esvoiduncs performancol'::hlittlo

or no sign of disturbance in positive classical defensive

CH after frontal ablation may be attriduted to the destruotion
of tha instrumental reflex are /brutkowski 15590, Auleytner
and Zrutkowskl 1960/, and results from a damage to the most
anterior portion of the medial forebrain hundle by means eof
which the frontel poles malntain conncetions via the hypoe
thalamus vith the xidbrain, It is postulsted that there may
be a motivationsl system in thie bundle /liller 1958, 1960,

Olés 1958, 1960, Maxgmm Korgane 196G1a, b/ whiche when destroyed,

abolishes an arimal’s "urge"” to work for feod though it has

xEf no effect on feeding behavior. This conclusion gainse

ﬁﬂ%g;izvotrong confirmation in our findings obtained on prefrontal

o
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dogzs &8 well as llxxlllxtix'lxlxxIIISIIXltxlttllillllxililil
BfxXaxxfxentxixiumenxyurtx ity xingtaxnnursszewnant
BTUALXENERIXIZKIXFXANAXERumR in those recently demonstrated
by Balidska /1662/ and Lewifska /1962/ which indicate that

Tollowing medial hypothalamic lesions in the rabbit a loss

of instrumental responee motivated by food reinforcement oceasional

ocers des?ite increased food drive,

L3

Dus tc the evidence that lLoth the behavioral patterns

fof Release 2011/12/12 : CIA-RDP80T00246A018100120001-7

)



Declassified in Part - Sanitized Copy Approved for Release 2011/12/12 : CIA-RDP80T00246A018100120001-7

rAlated TO St oa - . v owe wasaztciana® CRs ss

well as mazwndttiumsdxyuxfursaxmm Uis increase afier pree

frental lodectomies,it would be erroneeus to conclude that

prefrontal cortex is primarily concerned with maintanenee
e Of correet imhiditory performance, and that postoperative

hcruu in emotionality and condinonm‘ nigt simply dorive

fxom dinnrbanoc in the inhibitory activity, It may rather

dbe thought ihat disinhidbition of the inbhiditory Cis is a

secondary sffect which tends to oscur due to an enhanoed

drive level and “release” of mechanimas which are nommally

suppre¥sed, This suggestion is supported by the .’:EEL finding

that in some instances a comspicuous increase in pesitive

performance may be noticed, while inhiditory responses are

left intact /Fig. 4147. Hence, prefrontal cortex which appears

to be tied up with hypothalamic muclei amd which includes

autonomic control centers may be considered a regiem

intimately concerned with modulating the drives asd
affectively motivated dehavior. Since conditioaing routines

' generally involve drive mechanisms, destrustion of pree
frontal cortex results in an increase of uneoaditionsd
reflexes as well as in an elevation eof pesitive CAs aad
disinhibitioa of imhidbitory CRs.

The evidence that all thuo changes are transient
indicates that the lntegratiom of affectively detemined
behavior patiorn. is elsdorated primarily at the sudeortieal
level, while framgaixsarisxxapsesraxisxhexhastsaiizxssnsazand
with the regulation of these mechﬁniuu is maintained by the

frontal cortex.
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™his conclusion involves importnnt theoratiocal and practieal

implications since an spyropriate regulation of drives and
’ emotions ﬁhyn a highly essential part in humen secial .
relatienshipe. Moreover, this capacity in man is primarily
learnsd forz it is nown that ewotions of young peeple ase
apparently less coatrolled. Increase in regulatios of
esotional patterns from animal to man, and from human ohild
to an adult coincides with the anatomical developmeat of
the frontal cortex. However, no conclusive data are availadie
io show that a drive suppression capacity progressively
develops in the phylogenetical aspeot among the vertedsates.
Fallure of consistent dats of this kind s not altogether
aAsurprise for normelly, drive control in aaimals ssess to
depend on a variety of environm.nte; circumstances rather
than on the level of phylogenetical developaent, and, seeonde
ly, for adaptive purposes an slevation of cdiives is esseatial
in most instances. It is apparent though that in normal
animals the drives are reduced under certain eonditions, e.g«
2 satinted animal fails to exhidit feeding patterns, and
& vregnant female loses its sexusl desire. As it has already
been pointed out, lesions placed in the frontal lodes affeet
soue afikmmm of these adaptive adjustments rendering an
. animal eeriously impaired on regulating its defensive end

food unconditioned and conditioned responses, as well as
its behavior related to searching food and to the cessation

of food intake,

./——””'
. @d that frontal lesions affect differentiation rning.
\N% tidn tha neet fam dannAdn
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Kalischer /19)8/ was one of tvs ezrlie;t ~rit rs to shew

this impairment in dogs treined in a food experimental
situation, The author demonstrated that animals whioch had
preoperatively been trained to pick up & pleace of wmeat to

\ the presentation of a tone /"Fresston"/, and to withhold
tiids xesjonse to another tone /"Gegenton"/, became severely
inpaired on the inhibitory trials following frontal lobectony
8ince they we.e no longer able to refrain from responding
to the differential tone. KaliscLer called this impaiment o
“disinhibition®, ang taought 1t might be produced by an
encroaghms nt on the striastum, Further, Afanssev /1911/
reported a disirhibition of inhititory motoreclassical
defensive (..8 in prefronmtal doge trained in a gituation
in which the positive defensive CS waus reinforced dby
electric shock, In adéition, tome of his prefrontal snimals
exhibited a strikirg {rritation snd incressed food intake.
Faing at more orecise definiticu of consequences of fromtal

~ lobe damayge thwamkkax the auti.or ulso demonstrated that pree

frontal dogs were not impgired in learning a discrimination
task in which no requirementzs for inhibitory performance was
involved, nemely in a situetion in which two stimull preseanted
in successive order were associ.ted with two motor responees
and each correct response was reinforced by shock., This
finding indicates t“at animals with damage to the froatal
cor8ex are in fact able to disaoriainate stimuli end pexrform
relevant positive responses to their nresentations, but they
bave sbnormal difffoulty in inhibiting the nopitive response
in inhibitory trials in a situation determined by fear ox
food cues, Qur results Tully confirm ti:1s conclusisn. Aleo
the recent work by Shustin /1958/ lends credence to this paint

DecIaSS|f|edn|F1 P.aqrtm”Sanltlzed Copy Approved for Release 2011/12/12 : CIA-RDPS80T00246A018100120001-7



d Copy Approved for Release 2011/12/12 : CIA- 46A018100120001-7 -
Declassified in Part - Sanitized Copy Approved for Release 2011/12/12 : CIA RDP8OTOO-2 o8

Further ineight into the frontal lebe funetions has
been gained by investigating the animal bdehavier after
partial lesions,
Host recent studies on monkeys suggeet that frental i
' oortex is concerned with at least two tyres of Lahibitien
v /Brutkowski, Mishkin and Kosvold 1960, 1961/, Thus, 1% has
Yeen found that lesion of the dorscelateral frontal lebe
impairs the type of inbibition which enadles the amimal
» to shift between two Tesponse sets /hosvold and lilhkin
1959/. In consequenes, the do:so-latersl monkey perseverates
one resronse set despite nonereinforcement which is essentially
congruent with the findings of Lawicka and Xonmorski 71961/
in their investigations on prefrontal cats and dogs. These
experiments w.re later extended by Lawicka, Mishkim, Kreiner
and Brutkowski /1962/ who showed that delayed-response
deficit in prefrontal dogsy which might be considered am
example of porseveration, followed the sole ablatiom of the
Prereal gyrus situated in the most dorsal part of the fromtal
lobde,
4As to the second type of iahibitien, aanely that mediated
by hypothalamic mechanisus, and as showmn above, impaired wy
prefrontal 1lodectomies in dogsy, it has been reported /)x-tlbt'll.
Mishkin and Rosvold 1960, Putter, Mishkin and Rosvold 1961/
that, in the .monkey, it is asseciated with the orbtto-trantax
region. This evidence undcrsaorid the need for a more precise
location of this sort ef inhibition in the fromtal cortex of
the dog. uUntil recently, however, this was obviously complicated
by failure of relevant anatomical indications as to subdivision
of the frontel cﬁgpggv§g this species. Fortunately, the work

R I ’,‘, l/v"yv._: o
RN G ..ff 1;1‘,> A

iy
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of Adrianev and Mering /1939/, and Kreiner /19617 previded
‘ this iafovmation. Experimental studies frem sur ladezatery
i suggest that the medial aspest of the dog’s frontal lebe
eoFtex may fusctionally be correlated with the orvital ares
ia the senkey. Conversely, the gyrus erditalis ef the dag’s
brug. which oecupies the lateral portion of the freatal ,‘
lede detween the proreal, presylvisa and rhinal sulei, seems
| h\ﬁ no relation to the oqutn cortex of the monksy
and appears to have dees named aside from its funotion.

At least three successful attempts have been made e
show that lesions plaeed in the medial wall of the fremtal
pele of the dog’s drain result in artive disinhibditien,

In spite of certain differences in testing procedures the
impairment was demonstrated after removal of 1/ the genual
area situated in front of the genu of the coTpus ealloesum
/Brutkowski and Mempel 1961, see Fig. 12/, 2/ the mediad
subdivision of the preeruciate area /Stqpies and Stegpled
1961/. and 3/ the pre=genual area /8swe jkewska, Kreiner,
2awioka and Sychowa 1962/. Purther studies, however, have
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rig. 12

et atd

revealed a difference of epinion with respect to the uuum
of i.nhtut& capasities within other parts of the freatal
sortex. Since this disagreement may have deen Serived from
differences in methods, some ‘of the details of these stuéies
“should be descrided.

Exporimonts performed with the conditioned inhibitien

Precedure and with tyials separated dy ca. 1 min. iatervalas
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drain, which occupies the latersl portion of the fromtal

lode betweem the proreal, presylvim and rhinal sulei, seems
te have no relation to the odthal cortex of the menkey
and appears to have been named aside 7rom its fumctieam.

At least three successful attempts have been made to
show that lesions placed in the medial wall of the fremtal
pele of the dog’s braim result in drive disinhidition.

In spite of certain differences in testing procedures the
ispairuent was demonstrated after removal of 1/ the genual
ares situated in front of the genu of the corpus callosum
v /Brutkowaki and Mempel 1961, see Fig. 12/, 2/ the medial
subdivision of the precruciate area /Stgpief and Stqplef
1961/p and >/ the oreegenual area /Sswejkowska, Kreiner,

fawicka and Sychowa 1962/. Further studies, however, have
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Figo 1

revealed a difference of opinion with respect to the localisation
of 1nhib1t;;k’capacitie. within other parts of the fromtal
cortex. Since this dissgreement may have been derived from
differences in methods, some of the details of these itudxol
should be desaribded.

Experimenta performed with the conditioned inhibition
procedure and with trials separated dy ca. 1 min., intervals
in & way previously described for the dogs with prefrontal

lobectomies, indicate that impairment on inhibitory trials is solely

vrodune oo o destruction 0f the weiinl froatal cortux, whereas
colu Do 1asians oF thie nrorecl sod e o tsl <7y gn Llhe
COVete, s L orEege of tuo Foopded Tahog o e dygread
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sortion O0f the Qre"r1~i ‘ ST et s STeRy thé irhibitory
performarce is unaffected Lzw:dkow. . =, Kreirear, Lawicka
and Sychowa 1300, Ltevied snc oty tel 19627,

aith the aprlic tion 0f a wuditied corditionecereflex
technique /3rutrowski 2and “emdel L0177 <rutxowskl and
Labrowske /19227 tave recewkly #ound thmat disinhibition
of preoneratively treiped inhinitory CRe in the dog followed
not cnly *he medinl ablatlion rat also the removal of the
dorsvelateral arpect of the prefrontal cortex /Fige 13/,
Our proadure, aowev. v, contrasts witn the previous one in
gone egs~ntinl pointz. tlret, ws used &ifrerentiation instead
nf conditioned innivitina fraising, anl, secondly, we separbted
the trinls o, 15asc, irtervals., turthermore, the training of
our animaly wie intensifiod by thae preseptation of 15 positive
and 15 inniiitory ts

als per dav, In easence, our procedure is

Seow

L X X 2 R X R N L A L L L A Rl g

Flie 13

{dantiss? with thst used for tzsting the zonkeys /Brutkowski,
¥ishrin ard Losvold 1961/,

Under our conditions, the animal®s task was to place
his right fore leg on tue food tray to get & food reinforcement
whenever the positive CS, a 1000ecy/sec tone was presented,
and to refrain from this respo~se to the inhibitory CSy, a
7ecy/Aec tonee, An arror was defined as failing to place the
leg on the food tray to the positive i, or placing
the lcg within the 5 secs. during which the innibiéory

CS was nieeds, [reoperatively, the animale wers traired

o

R
PR

to & critarion of 45 correct reeponses in 50 successive
CAT »
. ,/\\'w B13) v/)
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inndinatox; tziwige Fier atturi.. tuis criterion all aninals
were subjected to biluterxi, vueestsz-e, partial resoetaonl of
the cortex. :ach animal ;roup couprieed from . to 4 specimens,

The following‘siﬁ(rhrebrain are~c h-ve been selected
for ablating:

o/ The luteral rortion of the srere=l gyrus and the
anterior part of the or“ital gyrus which, taken together,
eonstitute the dorso-lateral aspect of the dog’e prefrontal
cortex ,/Fige ;; B/e

Z2e/ The cortex of the medial wall of the prefrontal
lobe withgyt inv:lvement of the subegenual and subeproreal

X, 4

regionas  /Fig., 2% C/,

x/
Zince leeions ircluding the lower portions of the genual

area as -1l us the ml subgenual 3nd subprorezl =sreas result
in violent rage bhehavior which h rdlry permits hendling the
animals /urutlowsii, fonterg and Yempel 1961/, they will net

be coneiderod hore,

%,/ The gﬂnggl area on the modial surface of the prefrontal
lobe.wixkantxtnyskyenenxaf xxin
4o/ 1he hasal portiorn of the cortical tissue hiddemn in the

xx/
depth of the presylvian sulcug °

xx/
nesults for the presylvian doge will bde discounted sinee

the histological anafysis revealed that the lesion severely
damsged the white matter in the ocuadal portion of the frontal
lobe nnd penetrated toeards the striatum., Further investigation
on dogs with more accurate placement of the presylvian lesion

is in progress,

%¢/ %he loteral and mediol portions of the proreal gyrus,

Lo/ Yhe anterior part of the ornital gyrus.

- - - e e - - .
- -

d
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It 18 seen fron 1.8 Q(1et le-iors o the medial °(

surface of the rrantrl lohes undouhtaodly affect the
snimal’?s performance on the nroopurstively acquired
differentiwtion hobit, :electivs sblaticons of the proreal
or ordital gyri produce only sﬁﬁH impsirment on
inhibitory trisls, wut o coaviwd levion of these two
regions results in & disinhinition of CRs which is similay
to that awkpk ohtained aftcr meiivl revovals. Operated
/posterior cinmlete aiea/ anc unoperated control dogs
show no sicshs of imveirront,

ilowever, in spitc of the toct that knth medisl end
dorso=laterzl lewmions produce awmntitatively about the
sane impairment on inhihlitory trisls, the qumlity of the
Oisinhitition seemws to be 2iffermnt deperding on the
rlacensnt 0 the lesion. Yrom oboserving the details of
the eandrsl?®s bhehav ox duriag testing, two types of abnormnl‘
responsey palterns could be easily digtinguishﬁd in eier
of these two besic Trontal groups. therers the animal s
with medial leaions displayed a renrrkable searching
behavior within the intertrisl intervals and during the
pregsentation of C8i, and also each instrumental response
wiich used te occur between tx 2ls wee csgocl ated with
eniffing end chewing, as well as gazing at the cup anl
licking it, the dorso~lateral snimals did not appeanr to de
affected by a similar increased drive for food. These
observations force the conclusion that, like in the nonkey,
two differeat newral substrates may be required to be
risponsible for the disinhidtion syndrome in srefrontsl
f0r8. "oy turther suggest thet only the vedial “orebrsin
e ions in the dog ere conceined witl surrrereion o

o osareg notivated by food reinforcoamt,
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oL -l Uiy @ WASLLLLD1TION o;n LRS: ,
vtter leaions located on the ue'tel u,t u tihe dop’s
zontal loie are clearly cousist.al with those obtained
by other workers from our l: .o yetory. Jonvereely, the
latter do not Tind a marirad Imos irment on conditioned
inhidbition havit after dorso-lateral iexions. As mentioned
above, it 1s poseiblc ho woer s this discrepancy
in reosults may de eacrived to differences betw;een the
testing procedures, Assuning that the impairmert on
innibitory trinls in our do rso=lrteral doga\r(%g!}é' type
of dlcturbence in cortical #cteinhibition /Stanley
and Jaymes 1949/, it mey be thought that the short irtervals
between tri:ls, as used to be the case under our
conditions and slso in most beiisvioral studi ce om
monkeya, Fucilitate the orrors XNEARXXOXK o perseverattéon,
some of the work ncw in brogrens on two enimal rroups
with either =tort /1v=8ec./ or long /lemin. / intertrinml

interveals appenrs to nrovide evidence to surnort this vicw;

i’
A8 sern In Tie, Aogs with dorsoeletersl lesions who
BeGoprestar L7ely besn mainteined on a long interval

- -

8chiedule of performance show ed no disinhibition of (Rs,
Adthough the findingc discuesed in this raport
2trongly ~uszzest thet the medisl regions of the do .r'a
vrefyr mtal cortex are implicnted in thée inhivition of
erfective nehrvior end f?rivea,‘more fefinite stateacnts
vill Fe ros:ible rhenm the classical fe.p. : rlivary/
concitisne? reasponse proceduwre will he eaployed in ‘ne
vay il vre done with rerard to the lohectoni:ed do:ra,

e cvperimont in rlanned for nc noiaten ahove . P
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instrumental res-onre does not suffice to define emotional
processes. It now seens reasonably clear that only with
applicgtion of evaluative exnerimentnl techiniques wistul
lnvolv%tponsn wh ich 8pecifically reflect affeotive
behavior and drives will it be possidvle to delineate
‘the Tualitatively tm different aspects of inhivitoyy
activities served by different frontsl regions. We al se
hope t:at more definite evidence “ay be brousht by some
additional modifications in test cituations, Realizing this,
we have recently been enpaged in Cevelonine g techmique on
A40gs in which the reinforeins stimugus is deprived of th
hypothalmfc-type Component, Other toste, which may prove
fuccessful 4n .the,- analyais of frontal lobe deficit, are
referred tn a wide rkq‘ge of commonlv used dincrimination
pProcedu:es, such gg 'differentiation of nocit ve conditioned
refl cxes®, 50 left - &0 risht® hebit ete, Since fwntal
animals appear to be impaired on differentintiion tasks
involving inhibitory performance, experiments have recente
1y been carried out in this latorato ry /xdnorau, dmricke/
to see theiy behavior on type or differentintion tesk
in which no inhivitory Teésponding ic requireqd. Al though
abundent €xperikental materig} has already been accurmlated
by the use of some of these methods, it i{s horq to compare
Tesults obtained in different lahoratories because of
dissinmilarities in a variety or detanilg, including species,
lenions ana testing procedures,

e Yoy
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